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(54) DATA READING CIRCUIT

(67)  Embodiments of the present invention disclose
a data reading circuit, where the circuit is applied to a
second clock domain. A first clock domain simultaneous-
ly sends data and an echo clock signal to the second
clock domain. The data reading circuit includes a phase
difference determining module, a time delay detection
module, and a reading control module, and the phase
difference determining module is connected to the echo
clock signal and a clock signal of the second clock do-
main. The phase difference determining module is con-
figured to determine a phase difference between the

First clock domain

echo clock signal and the clock signal of the second clock
domain; the time delay detection module is configured
to detect a time delay value in transmission of data from
a buffer to a flip-flop; and the reading control module is
configured to determine, according to the phase differ-
ence and the time delay value, a triggering edge, at which
the flip-flop can read data output by the buffer, of the
clock signal of the second clock domain. By means of
the present invention, a phase difference between an
echo clock signal and a clock signal of a local domain
can be determined, thereby implementing data reading.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to the field of elec-
tronic technologies, and in particular, to a data reading
circuit.

BACKGROUND

[0002] A source synchronization technology is a cross
clock domain synchronization technology with a low de-
lay, and is mainly applied to a process of data exchange
between clock domains having a same source and a
same frequency but different phases. A major technical
principle of the technology is that: a first clock domain
simultaneously sends data and an echo clock signal (that
is, a clock signal of the first clock domain) to a second
clock domain; and the second clock domain writes the
data according to the echo clock signal, and reads the
written data according to a clock signal of the local do-
main (that is, a clock signal of the second clock domain).
A specific implementation process may be shown in FIG.
1. The first clock domain simultaneously sends data and
an echo clock signal to the second clock domain; a FIFO
(First In First Out) buffer in the second clock domain reg-
ularly writes data at each beat; and then a DFF (D-type
flip-flop, D trigger) in the second clock domain regularly
reads data at each beat according to a clock signal of
the local domain. The echo clock signal has the same
frequency as the clock signal of the second clock domain,
and therefore the foregoing data reading method is fea-
sible as long as a phase difference between the echo
clock signal and the second clock domain is determined.
[0003] Currently, the phase difference may be deter-
mined by using an associated data synchronization (Data
Sync) signal. Referring to FIG. 2, the first clock domain
generates a Data Sync signal for an echo clock signal,
and the second clock domain may calculate, according
to the Data Sync signal, a phase difference between a
clock signal of the local clock domain and the echo clock
signal. However, when a Data Sync signal is used, an
1/0O (Input/Output, input/output) interface that is used to
transmit the Data Sync signal needs to be added, which
increases hardware overheads. In addition, a phase re-
lationship between a Data Sync signal and data needs
to be strictly maintained during a signal transmission
process, which increases difficulty of implementation.

SUMMARY

[0004] Embodiments of the present invention provide
adata reading circuit, so that a phase difference between
an echo clock signal and a clock signal of a local domain
can be determined, thereby implementing data reading.
[0005] An embodiment of the present invention pro-
vides a data reading circuit. The circuit is applied to a
second clock domain, the second clock domain includes
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a buffer configured to write data sent by a first clock do-
main and a flip-flop configured to read data output by the
buffer, the first clock domain simultaneously sends the
data and an echo clock signal, and the echo clock signal
is a clock signal of the first clock domain. The datareading
circuit includes a phase difference determining module,
a time delay detection module, and a reading control
module, the phase difference determining module is con-
nected to the echo clock signal and a clock signal of the
second clock domain, the phase difference determining
module is connected to the reading control module, and
the time delay detection module is connected to the read-
ing control module. The phase difference determining
module is configured to determine a phase difference
between the echo clock signal and the clock signal of the
second clock domain, and send the phase difference to
the reading control module. The time delay detection
module is configured to detect a time delay value in trans-
mission of the data from the buffer to the flip-flop, and
send the time delay value to the reading control module.
The reading control module is configured to determine,
according to the phase difference and the time delay val-
ue, a triggering edge, at which the flip-flop can read the
data output by the buffer, of the clock signal of the second
clock domain.

[0006] In a first possible implementation manner, the
phase difference determining module includes N identi-
cal time delayers, N+1 identical D flip-flops, and a phase
difference determining unit, where N is an integer greater
than 1; the N time delayers are successively connected
in series; an input port of the first time delayer is connect-
ed to the clock signal of the second clock domain; a time
delay generated by the N time delayers is greater than
a clock cycle of the clock signal of the second clock do-
main; input ports of the N+1 D flip-flops are connected
to the echo clock signal; a clock port of the first D flip-flop
is connected to the input port of the first time delayer;
clock ports of the remaining N D flip-flops are succes-
sively connected to output ports of the N time delayers;
output ports of the N+1 D flip-flops are connected to the
phase difference determining unit; the phase difference
determining unit is connected to the echo clock signal;
and the phase difference determining unit is configured
to determine, according to output results of the N+1 D
flip-flops, the phase difference between the echo clock
signal and the clock signal of the second clock domain,
and send the phase difference to the reading control mod-
ule.

[0007] With reference to the first possible implemen-
tation manner, in a second possible implementation man-
ner, the phase difference determining unit is specifically
configured to: first, at a time point corresponding to a
level falling edge of the echo clock signal, obtain levels
of output signals of the second flip-flop to the (N+1)th D
flip-flop, where in the levels of the output signals, the first
alevels are high levels, the middle b levels are low levels,
thelastclevels are high levels, and a, b, and c are positive
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integers;
_b-a

clock signal and the clock signal of the second clock do-
main, where A denotes the phase difference.

[0008] In a third possible implementation manner, the
reading control module is specifically configured to: if the
triggering edge at which the flip-flop reads the data output
by the buffer is a rising edge, when the phase difference
is greater than or equal to the time delay value, use a
next rising edge, from a time point at which the buffer
writes the data, of the clock signal of the second clock
domain as a time point at which the flip-flop reads the
data; or when the phase difference is less than the time
delay value, according to a formula j = (At 5, - A)/T + 2,
use the jth rising edge, from a time point at which the
buffer writes the data, of the clock signal of the second
clock domain as a time point at which the flip-flop reads
the data, where At ,, denotes the time delay value, A
denotes the phase difference, / denotes an exact-division
symbol, and T denotes a cycle of the clock signal of the
second clock domain. If the triggering edge at which the
flip-flop reads the data output by the buffer is a rising
edge, when the phase difference is greater than or equal
to the time delay value, use a next rising edge, from a
time point at which the buffer writes the data, of the clock
signal of the second clock domain as a time point at which
the flip-flop reads the data; or when the phase difference
is less than the time delay value, according to a formula
J= (Atpax -T12-2) | T + 2, use the jth rising edge, from a
time point at which the buffer writes the data, of the clock
signal of the second clock domain as a time point at which
the flip-flop reads the data, where Af,,,;, denotes the time
delay value, A denotes the phase difference, / denotes
an exact-division symbol, and T denotes a cycle of the
clock signal of the second clock domain.

[0009] With reference to the first possible implemen-
tation manner, in a fourth possible implementation man-
ner, the phase difference determining module further in-
cludes a switch component, where the input port of the
first time delayer is connected to the clock signal of the
second clock domain by using the switch component,
and the switch component is configured to control con-
nection and disconnection between the input port of the
first time delayer and the clock signal of the second clock
domain.

[0010] With reference to the fourth possible implemen-
tation manner, in a fifth possible implementation manner,
the switch component is an inside clock generator ICG
switch. Theinputport of the first time delayer is connected
to an output port of the ICG switch, an input port of the
ICG switch is connected to the clock signal of the second
clock domain, and an enabling port of the ICG switch is
connected to an enabling signal. The switch component
is specifically configured to control connection and dis-
connection between the input port of the first time delayer
and the clock signal of the second clock domain.

then calculate, according to a formula

A

-36(° , phase difference between the echo
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[0011] With reference to the first possible implemen-
tation manner, in a sixth possible implementation man-
ner, the time delayer is a gate circuit or multiple gate
circuits that are connected in series.

[0012] With reference to the second possible imple-
mentation manner, in a seventh possible implementation
manner, the D flip-flop is a D flip-flop that resists a metast-
able state.

[0013] It can be seen from the foregoing that, the data
reading circuit in this embodiment of the present inven-
tion includes a phase difference determining module, a
time delay detection module, and a reading control mod-
ule, where the phase difference determining module may
determine a phase difference between an echo clock sig-
nal and a clock signal of a local clock domain, the time
delay detection module may detect a time delay value in
internal transmission of data, and the reading control
module may determine a time point for data reading ac-
cording to the phase difference and the time delay value,
thereby implementing data reading. In addition, in the
embodiments of the present invention, except for I/O in-
terfaces used to transmit the data and echo clock signal,
the phase difference between the echo clock signal and
the clock signal of the local clock domain can be deter-
mined without the need to add an extra I/O interface be-
tween two clock domains, thereby reducing hardware
overheads and difficulty in implementation.

BRIEF DESCRIPTION OF DRAWINGS

[0014] To describe the technical solutions in the em-
bodiments of the presentinvention or in the prior art more
clearly, the following briefly describes the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show merely some embodiments
of the present invention, and a person of ordinary skill in
the art may still derive other drawings from these accom-
panying drawings without creative efforts.

FIG. 1 is a schematic diagram of a cross clock do-
main synchronization technology in the prior art;
FIG. 2 is a schematic diagram of another cross clock
domain synchronization technology in the prior art;
FIG. 3 is a schematic structural diagram of a data
reading circuit according to an embodiment of the
present invention;

FIG. 4 is a schematic structural diagram of a time
delay detection module according to an embodiment
of the present invention;

FIG. 5 is a schematic diagram of a time sequence
of a signal according to an embodiment of the
present invention;

FIG. 6 is a schematic diagram of data reading ac-
cording to an embodiment of the present invention;
FIG. 7 is a schematic diagram of another type of data
reading according to an embodiment of the present
invention; and
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FIG. 8 is a schematic flowchart of a method for de-
termining a phase difference according to an em-
bodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0015] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the presentinvention. Apparently,
the described embodiments are merely some but not all
of the embodiments of the present invention. All other
embodiments obtained by a person of ordinary skill in
the art based on the embodiments of the present inven-
tion without creative efforts shall fall within the protection
scope of the present invention.

[0016] Embodiments of the present invention are ap-
plied to a cross clock domain interaction scenario, and
the interaction scenario includes at least two clock do-
mains that have a same source and frequency but differ-
entphases. Each clockdomain may be used as asending
end and a receiving end. When being used as a sending
end, a clock domain sends data to another clock domain;
and when being used as a receiving end, the clock do-
main receives data sent by another clock domain. To
make the following text easy to understand, it is specified
that a clock domain used as a sending end is a first clock
domain, and a clock domain used as a receiving end is
a second clock domain. It should be understood that, a
clock domain may be used as either a sending end or a
receiving end, and therefore the first clock domain and
the second clock domain do not refer to two clock do-
mains in space, but two logical clock domains.

[0017] FIG. 3 is a schematic structural diagram of a
data reading circuit according to an embodiment of the
present invention.

[0018] As shown in FIG. 3, a first clock domain in this
embodiment simultaneously sends data and an echo
clock signal to a second clock domain, and the echo clock
signal is a clock signal of the first clock domain. It should
be noted that, it takes time to transmit the echo clock
signal from the first clock domain to the second clock
domain, and therefore there is a time delay between the
echo clock signal received by the second clock domain
and a current actual clock signal of the first clock domain.
[0019] As shown in FIG. 3, the second clock domain
in this embodiment includes a buffer configured to write
data sent by the first clock domain and a flip-flop DFF
configured to read the data output by the buffer. It should
be noted that, during transmission of the data and the
echo clock signal from the first clock domain to the sec-
ond clock domain, a phase difference may be strictly kept
unchanged (for example, the phase difference is kept
unchanged by designing transmission lines to have a
same length or neighboring line locations), and therefore
it is feasible to write the data according to the echo clock
signal. During a specificimplementation process, a buffer
in the second clock domain may be a FIFO buffer shown
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in FIG. 3, and the FIFO buffer regularly writes data at
each beat according to the echo clock signal.

[0020] As shown in FIG. 3, the data reading circuit in
this embodiment includes a phase difference determin-
ing module 110, a time delay detection module 120, and
a reading control module 130. The phase difference de-
termining module 110 is connected to the echo clock sig-
nal and a clock signal of the second clock domain, the
phase difference determining module 110 is connected
to a reading control module 130, and the time delay de-
tection module 120 is connected to the reading control
module 130.

[0021] The phase difference determining module 110
is configured to determine a phase difference between
the echo clock signal and the clock signal of the second
clock domain, and send the phase difference to the read-
ing control module 130. Specifically, the phase difference
determining module 110 may further include, as shown
in FIG. 4, N identical time delayers (BUF 1, BUF 2, BUF
3,..., BUF N-1, and BUF N), N+1 identical D flip-flops
(DFF 0, DFF 1, DFF 2,..., DFF N-1, and DFF N), and a
phase difference determining unit, where N is an integer
greater than 1.

[0022] During a specific implementation process, an
input port of BUF 1 is connected to a clock signal clk_rx
of the second clock domain; BUF 1, BUF 2, BUF 3, ...,
BUF N-1, and BUF N are successively connected in se-
ries; input ports D of DFF 0, DFF 1, DFF 2,..., DFF N-1,
and DFF N are connected to an echo clock signal clk_tx;
a clock port CP of DFF 0 is connected to the input port
of BUF 1; clock ports CP of DFF 1, DFF 2, ..., DFF N-1,
and DFF N are successively connected to output ports
of BUF 1, BUF 2, BUF 3, ..., BUF N-1, and BUF N; output
ports Q of DFF 0, DFF 1, DFF 2, ..., DFF N-1, and DFF
N are connected to the phase difference determining unit;
the phase difference determining unitis connected to the
echo clock signal; and an output port Out of the phase
difference determining unit is connected to the reading
control module 130.

[0023] The time delayer is configured to shift a phase
of a signal. BUF 1, BUF 2, BUF 3, ..., BUF N-1, and BUF
N perform phase shifting on clk_rx stage by stage, and
separately output delayed clock signals clk_rx_dly_1,
clk_rx_dly_2, clk_rx_dly_3, ..., clk_rx_dly_n-1, and
clk_rx_dly_n. It is required that a total time delay gener-
ated by the N time delayers is greater than a clock cycle
of clk_rx (that is, a phase difference between
clk_rx_dly_n and clk_rx_dly_O is greater than 360°). It
should be understood that, when a D flip-flop detects a
level rising edge at the clock port CP, an output port Q
of the D flip-flop outputs a signal received by the input
port D. Because clk_rx and clk_tx are signals that differ
only in phase, signals that are actually output by output
ports Q0,Q 1, ..., Q N-1, and Q N of the N+1 D flip-flops
may be considered as clk_rx_dly_0, clk_rx_dly_1,
clk_rx_dly_2, ..., clk_rx_dly_n-1, and clk_rx_dly_n.
[0024] Further, the phase difference determining unit
determines, according to output results of the N+1 D flip-
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flops (that is, signals output by Q 0, Q 1, ..., Q N-1, and
QN), the phase difference between the echo clock signal
and the clock signal of the second clock domain. A spe-
cific manner is as follows:

At a time point corresponding to a level falling edge
of the echo clock signal, levels of the output signals
of Q 1, ..., @ N-1, and Q N are obtained; and in the
levels, if the first a levels are high levels, the middle
b levels are low levels, and the last ¢ levels are high
levels,and a, b, and care positive integers, the phase
difference between the echo clock signal and the
clock signal of the second clock domain is calculated

b—a

according to a formula 4= -360° , where A

denotes the phase difference. For example, assum-
ing that phases of the echo clock signal clk_tx, the
clock signal clk_rx of the second clock domain, and
clk_rx_dly_0 to clk_rx_dly_n are as shown in FIG.
5, at alevel falling edge of clk_tx (shown by A in FIG.
5), a sampling result of clk_rx_dly_1 toclk_rx_dly_n
is 0x111110000000001111 (where "1" denotes a
high level, and "0" denotes a low level), and there-
fore, it is obtained thata=5, b=9, and ¢ =4. It can
be known, according to " b=9", that clk_tx has nine
unit delays from a level falling edge to a level rising
edge, and therefore the phase of clk_tx has 2x9 unit
delays in one cycle; and it can be known, according
to "a =5 and b = 9", that there are five unit delays
from a level rising edge of clk_rx to a level falling
edge of clk_tx, and therefore there are (9-5) unit de-
lays from a rising edge of clk_rx to a previous rising
edge of clk_tx. Therefore, a phase difference by
which clk_rx lags behind clk_tx is
((9-5)/2x9)x360°=80°. It should be noted that, the
phase difference between the echo clock signal and
the clock signal of the second clock domain may also
be calculated when it is detected that an output of Q
0 is a level rising edge (shown by B in FIG. 5). A
specific derivation method is substantially the same,
and details are notdescribed herein again. However,
a disadvantage of this implementation manner is
that: levels of output signals of Q 1 to Q N can only
be obtained at a second level rising edge of the echo
clock signal, lowering a calculation speed.

[0025] Optionally, a process of calculating, by the
phase difference determining unit, the phase difference
between the echo clock signal and the clock signal of the
second clock domain may be implemented by using soft-
ware or a hardware circuit, and this is not specifically
limited herein.

[0026] Further optionally, the phase difference deter-
mining module 110 may further include a switch compo-
nent as shown in FIG. 4. The input port of BUF 1 is con-
nected to the clock signal clk_rx of the second clock do-
main by using the switch component, and the switch com-
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ponent is configured to control connection and discon-
nection between the input port of BUF 1 and clk_rx. Fur-
ther, the switch component is an ICG (Inside Clock Gen-
erator, inside clock generator) switch. The input port of
BUF 1 is connected to an output port of the ICG switch,
an input port of the ICG switch is connected to clk_rx, an
enabling port of the ICG switch is connected to an ena-
bling signal, and the ICG switch is configured to control,
according to the enable signal, connection and discon-
nection between the input port of BUF 1 and clk_rx. An
advantage lies in that, the switch component may turn
off acircuit without determining a phase difference, there-
by lowering power consumption.

[0027] Furtheroptionally,thetime delayer (BUF 1,BUF
2, BUF 3, ..., BUF N-1, or BUF N) is a gate circuit or
multiple gate circuits that are connected in series.
[0028] Further optionally, the D flip-flop is a D flip-flop
that resists a metastable state, and the metastable state
refers to that the flip-flop cannot reach a stable state in
a prescribed period of time. An advantage lies that, the
D flip-flop that resists a metastable state can improve
stability of a circuit.

[0029] The time delay detection module 120 is config-
ured to detect a time delay value in transmission of data
from the buffer to the flip-flop, and send the time delay
value to the reading control module 130.

[0030] Specifically, referring to FIG. 3, the time delay
detection module 120 detects a time delay value in trans-
mission of data from an output port of the FIFO buffer to
an input port D of the flip-flop. Optionally, a process of
detecting a time delay value by the reading control mod-
ule 130 may be implemented by using software or a hard-
ware circuit, and this is not specifically limited herein.
[0031] The reading control module 130 is configured
to determine, according to the phase difference and the
time delay value, a triggering edge, at which the flip-flop
can read the data output by the buffer, of the clock signal
of the second clock domain.

[0032] It should be noted that, a triggering edge of a
flip-flop may include, according to a type thereof, arising
edge and a falling edge. For example, a triggering edge
of arising-edge flip-flop is a rising edge, and when a level
rising edge is detected at a clock port CP of the rising-
edge flip-flop, and an output port Q of the rising-edge flip-
flop outputs a signal received by an input port D thereof.
[0033] On one hand, if the triggering edge of the flip-
flop is a rising edge, when it is determined that a time
value corresponding to the phase difference is greater
than or equal to the time delay value, a next rising edge
of the clock signal of the second clock domain from a
time point at which the FIFO buffer writes data is used
as a time point at which the flip-flop reads data. For ex-
ample, referring to FIG. 6, assuming that a clock cycle
of the clock signal clk_rx of the second clock domain is
1 ns, a phase difference between clk_rx and the echo
clock signal clk_tx is 72°, and a time delay value of data
transmissionis 150 ps, then the time value corresponding
to the phase difference can be obtained through calcu-
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lation: 200 ps (=1000 ps * 72°/ 360°). Because 200 ps is
greater than 150 ps, a next rising edge of clk_rx (shown
by a circle in FIG. 6) is used as a time point for reading
data, thereby implementing data reading. When it is de-
termined that the time value corresponding to the phase
difference is less than the time delay value, according to
a formula j = (At - M)/ T+2, the jth rising edge of the
clock signal of the second clock domain from a time point
at which the FIFO buffer writes data is used as a time
point at which the flip-flop reads data, where Af,,,, de-
notes the time delay value, A denotes the phase differ-
ence, / denotes an exact-division symbol, and T denotes
the clock cycle of the clock signal of the second clock
domain. For example, referring to FIG. 7, assuming that
the clock cycle of the clock signal clk_rx of the second
clockdomainis 1 ns, the phase difference between clk_rx
and the echo clock signal clk_txis 72°, and the time delay
value of data transmission is 700 ps, then the time value
corresponding to the phase difference can be obtained
through calculation: 200 ps (=1000ps * 72°/360°). Be-
cause 200 ps is less than 700 ps, it is obtained through
calculation thatj= (700-200)/1000 + 2 = 2, and therefore,
the second rising edge of clk_rx (shown by a circle in
FIG. 7) is used as a time point for reading data, thereby
implementing data reading.

[0034] On the other hand, if the triggering edge of the
flip-flop is a falling edge, when it is determined that the
time value corresponding to the phase difference is great-
er than or equal to the time delay value, a next rising
edge of the clock signal of the second clock domain from
a time point at which the FIFO buffer writes data is used
as a time point at which the flip-flop reads data. When it
is determined that the time value corresponding to the
phase difference is less than the time delay value, ac-
cording to a formula j = (At -T/2-1)/ T + 2, the jt falling
edge of the clock signal of the second clock domain from
a time point at which the buffer writes data is used as a
time point at which the FIFO flip-flop reads data, where
At.,ax denotes the time delay value, A denotes the phase
difference, / denotes an exact-division symbol, and T de-
notes the cycle of the clock signal of the second clock
domain.

[0035] It can be seen from the foregoing that, the data
reading circuit in this embodiment of the present inven-
tion includes the phase difference determining module
110, the time delay detection module 120, and the read-
ing control module 130, where the phase difference de-
termining module 110 can determine a phase difference
between an echo clock signal and a clock signal of a local
domain, the time delay detection module 120 can detect
a time delay value in internal transmission of data, and
the reading controlmodule 130 can determine, according
to the phase difference and the time delay value, a time
point for reading data, thereby implementing data read-
ing. In addition, in this embodiment of the present inven-
tion, except for 1/0O interfaces used to transmit the data
and the echo clock signal, the phase difference between
the echo clock signal and the clock signal of the local
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domain can be determined without the need to add an
extra I/O interface between two clock domains, thereby
reducing hardware overheads and difficulty inimplemen-
tation.

[0036] FIG. 8 is a schematic flowchart of a method for
determining a phase difference according to an embod-
iment of the present invention, and the method may be
applied to the time delay detection module 110 in the
method described in FIG. 3 and/or FIG. 4. As shown in
the figure, a process of the method for determining a
phase difference in this embodiment may include:

S101: Obtain an echo clock signal.

S102: Perform N-stage delay on a clock signal of a
second clock domain, to obtain a delayed clock sig-
nal of each level, where N is an integer greater than
1, and a total time delay generated by the N-stage
delay is greater than a clock cycle of the clock signal
of the second clock domain.

[0037] For example, multi-stage delay is performed on
the clock signal clk_rx of the second clock domain, to
separately obtain delayed clock signals clk_rx_dly_1,
clk_rx_dly_2, clk_rx_dly_3, ..., clk_rx_dly_n-1, and
clk_rx_dly_n of respective stages, where a phase differ-
ence between clk_rx_dly_n and clk_rx_dly_0 exceeds
360°, as shown in FIG. 5.

[0038] Itshould be noted thatstep S101 and step S102
are performed at the same time rather than successively.
[0039] S103: Obtain a level of the delayed clock signal
of each stage at a time point corresponding to a level
falling edge of the echo clock signal.

[0040] It should be noted that, in multiple levels that
are obtained, the first a levels are high levels, the middle
b levels are low levels, the last ¢ levels are high levels,
and a, b, and c are positive integers.

[0041] For example, assuming that phases of the echo
clock signal clk_tx, the clock signal clk_rx of the second
clock domain, and clk_rx_dly_1 to clk_rx_dly_n are as
shown in FIG. 5, then when a level falling edge (shown
by A in FIG. 5) of clk_tx is detected, obtained levels of
clk_rx_dly_1 to clk_rx_dly_n are
0x111110000000001111 (where "1" denotes a high lev-
el, and "0" denotes a low level), and it is obtained that a
=5 b=9,and c=4.

[0042] S104: Determine, according to the level of the
delayed clock signal of each stage, a phase difference
between the echo clock signal and the clock signal of the
second clock domain.

[0043] Optionally, the phase difference between the
echo clock signal and the clock signal of the second clock

domain is calculated according to a formula
b—-a .

A= -360° , where ) denotes the phase differ-
2-b

ence.

[0044] For example, assuming thata=5,b=9,andc

= 4, it can be known, according to "b = 9", that clk_tx
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has nine unit delays from a level falling edge to a level
rising edge of a level, and therefore the phase of clk_tx
has 2x9 unit delays in one cycle; and it can be known,
according to " a = 5 and b = 9", that there are five unit
delays from a level rising edge of clk_rx to a level falling
edge of clk_tx; therefore, there are (9-5) unit delays from
arising edge of clk rx to a previous rising edge of clk_tx,
and it is obtained that a phase difference by which clk_rx
lags behind clk_tx is ((9-5)/2x9)x360°=80°.

[0045] It can be seen from the foregoing that, in this
embodiment of the present invention, N-stage delay is
performed on the clock signal of the second clock do-
main, to obtain a delayed clock signal of each stage; and
then a phase difference between the echo clock signal
and the clock signal of the second clock domain may be
obtained according to a level of the delayed clock signal
of each stage at a voltage falling edge of the echo clock
signal.

[0046] The data reading circuit in this embodiment of
the present invention includes a phase difference deter-
mining module, a time delay detection module, and a
reading control module, where the phase difference de-
termining module can determine a phase difference be-
tween an echo clock signal and a clock signal of a local
domain, the time delay detection module can detect a
time delay value in internal transmission of data, and the
reading control module can determine, according to the
phase difference and the time delay value, a time point
for reading data, thereby implementing data reading. In
addition, in this embodiment of the present invention, ex-
cept for 1/0O interfaces used to transmit the data and the
echo clock signal, the phase difference between the echo
clock signal and the clock signal of the local domain can
be determined without the need to add an extra I/O in-
terface between two clock domains, thereby reducing
hardware overheads and difficulty in implementation.
[0047] A person of ordinary skill in the art may under-
stand that all or some of the processes of the methods
in the embodiments may be implemented by a computer
program instructing relevant hardware. The program
may be stored in a computer readable storage medium.
When the program runs, the processes of the methods
in the embodiments are performed. The foregoing stor-
age medium may include: a magnetic disk, an optical
disc, a read-only memory (Read-Only Memory, ROM),
or arandom access memory (Random Access Memory,
RAM).

[0048] What is disclosed above is merely exemplary
embodiments of the present invention, and certainly is
not intended to limit the protection scope of the present
invention. Therefore, equivalent variations made in ac-
cordance with the claims of the present invention shall
fall within the scope of the present invention.

Claims

1. A data reading circuit, wherein the circuit is applied
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to a second clock domain; the second clock domain
comprises a buffer configured to write data sent by
afirst clock domain, and a flip-flop configured to read
data output by the buffer; the first clock domain si-
multaneously sends the data and an echo clock sig-
nal; the echo clock signal is a clock signal of the first
clock domain; the circuit comprises a phase differ-
ence determining module, a time delay detection
module, and a reading control module; the phase
difference determining module is connected to the
echo clock signal and a clock signal of the second
clock domain; the phase difference determining
module is connected to the reading control module;
and the time delay detection module is connected to
the reading control module; and

the phase difference determining module is config-
ured to determine a phase difference between the
echo clock signal and the clock signal of the second
clock domain, and send the phase difference to the
reading control module;

the time delay detection module is configured to de-
tect a time delay value in transmission of the data
from the buffer to the flip-flop, and send the time de-
lay value to the reading control module; and

the reading control module is configured to deter-
mine, according to the phase difference and the time
delay value, a triggering edge, at which the flip-flop
can read the data output by the buffer, of the clock
signal of the second clock domain.

The circuit according to claim 1, wherein the phase
difference determining module comprises N identical
time delayers, N+1 identical D flip-flops, and a phase
difference determining unit, wherein N is an integer
greater than 1; the N time delayers are successively
connected in series; an input port of the first time
delayeris connected to the clock signal of the second
clock domain; a time delay generated by the N time
delayers is greater than a clock cycle of the clock
signal of the second clock domain; input ports of the
N+1 D flip-flops are connected to the echo clock sig-
nal; a clock port of the first D flip-flop is connected
to the input port of the first time delayer; clock ports
of the remaining N D flip-flops are successively con-
nected to output ports of the N time delayers; output
ports of the N+1 D flip-flops are connected to the
phase difference determining unit; the phase differ-
ence determining unitis connected to the echo clock
signal; and the phase difference determining unit is
configured to determine, according to output results
ofthe N+1 D flip-flops, the phase difference between
the echo clock signal and the clock signal of the sec-
ond clock domain, and send the phase difference to
the reading control module.

The circuit according to claim 2, wherein the phase
difference determining unit is specifically configured
to:
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at a time point corresponding to a level falling
edge of the echo clock signal, obtain levels of
output signals of the second D flip-flop to the
(N+1)th D flip-flop, wherein in the levels of the
output signals, the first a levels are high levels,
the middle blevels are low levels, the last clevels
are high levels, and a, b, and c are positive in-

tegers; and

calculate, according to a formula
b-a o .

A=——-36(°, the phase difference be-
2-D

tween the echo clock signal and the clock signal
of the second clock domain, wherein A denotes
the phase difference.

4. Thecircuit according to claim 1, wherein the reading

control module is specifically configured to:

if the triggering edge at which the flip-flop reads
the data output by the buffer is a rising edge,
when a time value corresponding to the phase
difference is greater than or equal to the time
delay value, use a next rising edge, from a time
point at which the buffer writes the data, of the
clock signal of the second clock domain as a
time point at which the flip-flop reads the data;
orwhen atime value corresponding to the phase
difference is less than the time delay value, ac-
cording to a formula j = (Af,5 - A)/T + 2, use the
jth rising edge, from a time point at which the
buffer writes the data, of the clock signal of the
second clock domain as a time point at which
the flip-flop reads the data, wherein Af,,, de-
notes the time delay value, A denotes the phase
difference, | denotes an exact-division symbol,
T denotes a cycle of the clock signal of the first
clock domain and a cycle of the clock signal of
the second clock domain; or

if the triggering edge at which the flip-flop reads
the data output by the buffer is a falling edge,
when a time value corresponding to the phase
difference is greater than or equal to the time
delay value, use a next falling edge, from a time
point at which the buffer writes the data, of the
clock signal of the second clock domain as a
time point at which the flip-flop reads the data;
or when the time value corresponding to the
phase difference is less than the time delay
value, according to a formula j = (At,,,, -T/2 -
M) IT + 2, use the jth falling edge, from a time
point at which the buffer writes the data, of the
clock signal of the second clock domain as a
time point at which the flip-flop reads the data,
wherein Af,,, denotes the time delay value, A
denotes the phase difference, /| denotes an
exact-division symbol, T denotes a cycle of the
clock signal of the second clock domain.
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5.

The circuit according to claim 2, wherein the phase
difference determining module further comprises a
switch component, the input port of the first time de-
layer is connected to the clock signal of the second
clock domain by using the switch component, and
the switch component is configured to control con-
nection and disconnection between the input port of
the first time delayer and the clock signal of the sec-
ond clock domain.

The circuit according to claim 5, wherein the switch
component is an inside clock generator ICG switch,
the input port of the first time delayer is connected
to an output port of the ICG switch, an input port of
the ICG switch is connected to the clock signal of
the second clock domain, an enabling port of the ICG
switch is connected to an enabling signal, and the
switch component is specifically configured to con-
trol connection and disconnection between the input
port of the first time delayer and the clock signal of
the second clock domain.

The circuit according to claim 2, wherein the time
delayer is a gate circuit or multiple gate circuits that
are connected in series.

The circuit according to claim 3, wherein the D flip-
flop is a D flip-flop that resists a metastable state.
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